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a. Authority - Letter Command General, Headquarters Armored 
Force, Fort Knox, Kentucky, File 400, 112/6 GNOHD, dated September 2), 
1942. 


b. Purpose - To éetead the information obtained in the desert 
field study, previously reported. Project 2-6, November 12, 1942. 


2., DISCUSSION: 


a. Methods - Four studies were carried out on 4 total of fifty- oe 
six enlisted men living in the hot room of the Laboratory, The periods . 
of study ranged from one week to two months for the various groups. The 
results of other investigations carried out simultaneously are included 3 
‘in Report on Project No. 2 pends 2-12, 2-13, eet) File No. 727,2, °° ae 
April 3, 1943. | | ee 


b. Environmental conditions - Dry bulb temperature was maintained 
at gee from 0800 to 1700 hours and at 90°F during the remainder of each 
2 hours, Details of the procedures and results are given in the appendix, 


3. CONCLUSIONS; 
a. Water Requirements. 
(1) Daily water requirements are contingent upon the en- 


vironmental temperature and the severity of physical work, Water reouire- 
ments therefore vary Ween the duties of troops, and the locale and season, 


(2) Ina hot nitenta man dissipates the greater portion of be 
his heat by the evaporation of sweat. Failure to supply sufficient water > | 
to make up for that lost in sweating results. in the depletion of body oe a 
water, If continued, this results in progressive loss in weight, physical . 
deterioration, reduced efficiency and capacity for work, and greatly 
impairs morale and motivation. Reduction of water Sensinblon to levels. 
_ below that required to maintain water balance will be followed by in- . 


capacttation, whether the. reduction is gradual or abrupt. 


Sy Ok schedule which requires that a man disregard thirst. 3 
and drink only at meal-time results in no saving of water and may cause 
discomfort and reduced physical performance, 


(4) Thirst is an inadequate indicator of rapid tissue 
dehydration. At the high rates of sweating which accompany even moderate 
work in the heat, men will consistently drink less water than they are 
losing as sweat. Augmenting the water intake so as to balance the fluid 
lost in the sweat will increase the amount of work which can be done on 
first exposure to heat and reduce injurious effects, 


(5) The daily water requirement is not significantly changed 
‘as men become acclimatized to heat. 


b. Salt Requirements. 


(1) The requirement of salt is in direct nee aa to 
the amount of water taken, . 


(2) With exposure to heat, the nesa for extra salt is a 
saatar during the early days than after acclimatization is established, si 


he RECOMMENDATIONS : 
a. Water Requirements. 


(1) That the following daily requirements for drinking water be 
used as a guide in determining supply of water to troops in desert areas. 


2h-Hour Fluid Requirements (quarts 
Per Man) When Maximim Daily Tem— 
perature is: | 


95°F. 
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Light to mod- 
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(Tank operation over 
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rough terrain, 
(Marching at normal rate 


Moderate work 


Strenuous 
1 work 


(Engineers' operations, 
(Forced marches, 
(Entrenching operations 
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APPENDIX 


A. EXPERIMENTAL CONDITIONS AND PROCEDURES 


The following experimental conditions were employed in the "Hot 
Room" studies: : 3 : 


1. The environment - Air temperature during the day (0800 hours 
to 1700 hours) was maintained at 120°F; during the night, at 90°F. One 
hour was required to change from one temperature to the other, The 
relative humidity ranged between 15% and 22% during the day. Wall and 
floor temperatures were in equilibrium with air temperature, Additional 
radiant energy was not supplied. Air movement of moderate degree was 
obtained from two 26-inch fans or from four 10-inch fans, 


2. Experimental subjects - 56 enlisted men; 48 lived continuously 
in the room, 8 lived in their barracks, reporting to the Laboratory for 
exposure periods. 


3-e Preliminary training - Before entering the hot environment, all 
men worked for one week at cool temperatures (70°F to 76°F). This 
accustomed the men to the work which they were to do later and produced 
a comparable state of physical fitness in all subjects. 


hk. Clothing - Men wore what they chose; during the hot periods, only 
cotton shorts, shoes and socks; during the preliminary cool period, regula- 
tion fatigue clothing. 


5. Activity in the hot environment - The men were divided into three 
groups. One group rested for 3 or 4 days before undertaking work in the 
heat. A second group performed strenuous work for short periods, pedalling 


a stationary bicycle for ten minutes each hour, five times a day. The third, 


and largest group, performed more moderate work of longer duration; a work 
period consisting of a walk of 2-1/2 miles in 47 to 50 minutes with the 
subject carrying a 20-pound pack. A rest period of 10 to 13 minutes was 
given between successive work periods. Unless incapacitated the men worked 
two successive periods in the morning and three in the afternoon, thus 
walking a total of 12.5 miles a day, 


6. Food = The men were given regular army fare obtained from their 
regular mess, No record was made of the type or amount of food eaten. 


7. Water - Salt was added to all drinking water (final concentration, | 
0.1%). Water. intake was measured scrupulously and was administered accord— 


ing to one of three methods: 
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rite a ‘“~pint) every hour from. 6:00 A.M, to 6:00:P.M., plus, 750 m1 (1-2/3: vena 

© © from 6:00 P.M. to 6200 A.M. (2) 750 mi. (1-2/3 pints) at 6:00 A.M., 0%. 

. 1250 ml (2-3/, pints) with noon meal, 1230 L.with pyening meal and foe 
750 ml. from 6:00 Pell. to 6100 Ady ee i x 


"sleeping early in the experiment, Pat most slept well Stipe tight eos Shige a 


a Blood. pressure. ~ ate ‘the beginning and. end. of each’ work period. . 


é Sale were nude and ‘sweat. dried oft. 


The and. 9. durin éach eb Person ‘were! carefully measured. 


erated. by metabolism, ‘and and (2) external heat’ absorbed ‘from the envir 


; ee cibade to ‘ rival adpbeauienls one halt gh be: %. 
needed’ gouge, and given in either of two schedules: (1). 270 ml (0.6 — 
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tiveness ‘of, body Baravaties: svabiuk narrow tay ‘da: ‘baaiitaa! to” ; 
‘aPe} only snail deviations can be tolerated. Température regulation is 
achieved by various physiologi¢al mechanisms which serve’ to adjust the: ‘a ; i 
of heat loss from the body teequal the rate of heat. gain. © ‘The. heat: tobe =” 
eliminated from the. body arises from two sources; (J ty internal heat, gen-’ 
including the radiant _ heat: ‘from Song re “Four ax ep are: available 1 fo mel ; 
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me “of meats. “Heat siekgage’ by. the. first ‘Gites of these fentiias scuthdeadae Hee 
convection, and radiation, may be positive or negative, that is, they may = 
“gerve as avenues for the absorption of hedt by the body as well as its i 
elimination, depending. upon the environmental and skin temperatures. The | 
heat transfer is outward only when the body is ata higher temperature. 
“than the surroundings. If the environmental temperature equals the § ee 
temperature of the body surface, no. exchange takes place by these routes. — + oa 
With an environmental temperature greater than that of the body surface, _ 
the direction of flow is reversed and heat is delivered to the body from 
the environment, Under this condition, heat 18 lost only by evaporation, 
Schematic illustration of this reversal of heat flow.is shown in Fig. 1. 
Typical rates of heat gain (4)’and heat loss (~) are given for an average ss 
man (150 lbs., 1.8 ff), in calories per hour, for constant solar radia- = > 
tion® and for various air temperatures above and below body surface | a ean 
temperature. Radiation to or from walls has been calculated on the e ‘aaa 
basis of equality of wall and air temperatures and the convection gain 
er loss determined for a constant air velocity. The metabolic heat value 
for resting conditions was employed in the calculations, Any additional 
mptebol ie heat genera} ps by work would aga to the values shown in Figs xe 


In spite of the outward transfer of heat by comduction, conweck ian’ and Be: 
radiation, at environmental temperatures below 95°, there is a net heat ; ee 
gain to the body since the rate of heat elininattcn by these routes under z 
the conditions shown in Fig, 1 does not equal the metabolic heat: produetion aes 
and solar radiation gain. Thus, for environmental temperatures of 85° and 
higher, heat elimination by evaporation of sweat is essential for the main- 
tenance of body temperature, even under resting conditions. Sufficient ‘aes 
water must be evaporated from the body surface to RE, the net heat 
gain shown in Fig. lo “ ; : , 


The cooling effected by the ‘heuetatink of water is Hiternined by its 
latent heat of.vaporization which amounts to 580 kilogram cdlories per, — 
liter. If evaporation is complete and no sweat runs off the body, as is 
' the ease in arid climates, each liter of sweat secreted and evaporated will 
dissipate 580 calories of heat. «© Thus, it is possible to calculate the 
required sweat. output from the heat ldad imposed on the body. This has 
been doné for the environmental conditions shown ih Figs 1, and the amount 
of water required is indicated by the scale at the right of the chart o 


Sweat is formed from the water of the body and if detaidvatSon is. to 
be avoided the sweat that is evaporated must be replaced ‘by an equal intake cs 
of water, Thus, the water requirements for sweating, shown in Fig. 1, also’. 
roe the minimum rates of water intake required to prevent dehydration, 


_ Solar radiation is. | always poetitys, So _ long as one.is in the open and 
es A ape 


Sweating is self-regulatory in the sense that when the sweating 
rate becomes sufficiently high to dissipate the heat load imposed, 
further sweating does not occur. As a consequence, the rate of sweating 
and the water requirement vary throughout the day, depending upon the 
degree of activity and environmental temperature, The effect of ambient. 
temperature is i? lustrated in Pig. 2. The values for water loss are the 
averages of results for one person during three 24-hour cycles in the 
California desert maneuver area in August, 1942. 


Precise evaluation of the heat load imposed by metabolism and by 
the environment is required for prediction of the daily water require- 
ments. There are uncertainties in some of the constants which must be 
used in such estimates. Of greater importance perhaps, is the fact that 
any pattern of activity and environmental temperature which is selected 
in making the calculations, assumes uniformity of behavior and of en- 
vironment which are never quite met, By moving into the shade, for 
example, solar radiation is cut off and the water requirement reduced. 
When in a tent, the radiation and the convection due to wind movement 
are reduced, Despite such uncontrollable factors, useful predictions 
of-the range of water requirements under various conditions can be 
made, Estimated daily water requirements arrived at by simplified cal- 
culations, are presented in Table 1 for a climate like that of the Cal- 
ifornia desert. These estimates were based upon a daily temperature 
cycle of the pattern shown in Fig. 3, which depicts the diurnal tempera- 
ture curve obtained from average hourly temperatures in the California 
desert during August, 1942. For all maximum temperatures selected, it 
was assumed that both the pattern and the differences between the maximum 
and minimum temperatures would remain the same as in the figure, 


The total heat gain was calculated in the following manner: 
1. letabolic heat. 
The metabolic heat production of a resting man of average 


size is approximately 2000 calories. If the air temperature is the same 
(95°F) or higher than skin temperature throughout the day, evaporative — 


dissipation of the entire 2000 calories will be necessary, Even at relatively 


low air temperatures, some 25% of the metabolic heat is dissipated by in- 
sensible perspiration and by evaporation from the lungs, At an air tem 
perature of 85°, as indicated in Fig. 1, some sweating occurs, and the 
total evaporative dissipation of heat (sweat plus insensible loss) amounts 
to about 35% of the metabolic heat.. The following estimates illustrate 
the range of variation in water evaporation necessary to dissipate the 
resting metabolic heat for different maximm daily temperatures. For the 
day represented in Figure 3 (maximum temperature of 110°) some degree of 
non-evaporative cooling occurs during 11 out of the 24 hours. During the 
night the heat loss by radiation and convection amounts to 400 calories 
and for the same period about 500 calories will be lost by the minimal 
sweating and insensible perspiration. The remaining 1100 calories (of 
the 2000) will be dissipated during the day by the evaporative route only, 
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water, When the maximum temperature reaches 115°, the air temperature — 


Thus, for the 24-hour period, 1600 caleries will be lost throug hoe 
evaporation and 400 by radiation and convection. This is. acute cient’: ee, 
to 1600/580 or 2.8 liters of water required for the shesding of heat Se 
from metabolism alone. bagi 


With a maximum daily temperature of 95°, the air tem 
perature is below skin temperature most of the time and the total. heat,” ee 
dissipated by evaporative cooling requires only about 1.6 liters of © 9. 


is below 95° for only about 9 hours a day, and approximately 3.0 liters: 
of water are needed to dissipate the total resting metabolic heat, a 
Thus,.the variation in water requirements. for the removal of. resting . 
metabolic heat is’not great and for convenience, in Table 1 a value of: 
2 liters per day has been employed for all temperatures, This tends . 
to overestimate the needs at low temperatures and to underestimate them 
at tee) maximum temperatures. 


The additional metabolic heat produced nee must be 
dissipated entirely by evaporation when air temperatures are above skin 
temperature and even for temperatures down to 85° since, as already Lahavor sa 
the non-evaporative paths of heat loss are inadequate for dissipation of . 
the resting heat produced. Work at a moderate rate will require the | 
expenditure of about 3500 calories in a day, an increase of 1500 calories — 
over and above that contributed by the resting metabolism of 2000 calories. — 
If eliminated entirely by evaporation, 2.6 additional liters of water will . 
be required for dissipation of the heat produced vi the added work, 


te Environmen ain. 


Environmental heat gain derives ‘from cofiduction*, convegtion, 
radiation from the sun, and radiation from hot surfaces, Cenvectional 
gain varies directly with the skin-air temperature difference and the 
square root of the wind velocity. With a wind velocity of about 4 mph, - 
17.4 calories will be gained per hour for each OF by which the air. bes 
temperature exceeds the skin temperature.** In terms of water to ol 
evaporated, this is equivalent to 17.4/580 or 30 m/e /F° ae 


Using the typical day shown in Fig. 3 bans, Couparsthve; 10°F) - 
‘as an example and assuming a constant rate of air movement, heat will be 
transferred to the body to an extent determined by the duration of expoare = 
and the skin-air temperature gradient. With an assumed skin. temperature. of of 
95° the convection gain will be proportional to the total area + betwen tie 


* Conduction is usually small and is not considered in these colouattonss 


#* This amount of heat would be galing x a nude individual at a wind 

velocity of 2 mph and by a person clothed in a suit (with coat and vest) 
at awind velocity of 4 mph. With lighter clothing, a wind’ shits eae bem 
tween 2 and 4 mph will result in the same gate: Mele: 
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upper curve in Figure 3 and the 95° abscissa. This area has the value 
of 108 degree-hours.* Assuming an air movement of 4 mph and, as ex- 
plained above, a water equivalent of 30 ml for each degree hour (above 
skin temperature) the amount of the water to be evaporated, to offset 
this convection gain during the day, is 30 x 108 or 3240 ml. 


Except in special circumstances such as in tanks with hot 
walls, radiation gained from hot surfaces is usually small in comparison 
to other sources of heat gain and may be neglected, The heat gain from 
solar radiation is approximately equivalent to 320 ml of water per hour 
@.) Thus, if 6 hours are spent in the sun, 6 x 220 = 1920 m1 or 1.9 
liters of water will have to be vapcrized to dissipate the heat gained. 


To recapitulate, the portion of the heat gain that must. be 
lost by evaporation and its equivalent in terns of water are given below 
for the hypothetical day shown in Fig. 3: 


Wquivalent Water 


Source of Heat Heat Gain (Calories) (Liters) 


Resting metabolism 1600 2.8 
Added by moderate work 1500 2e0 
Convection 1900 . 3e2 
Sun radiation 1100 1.9 

Total 6100 1045 


Water requirements estimated in this way for several derrees 
of activity and for different maximum daily temperatures, are given in 
Table l. 


Although the quantities listed in the table are not exaet for 
any Single situation, they may be taken as representative of the average 
needs in desert areas, The calculated requirements correspond well with 
those measured in the California desert during the summer of 1942. (Pro- 
ject 2-6, dated November 12, 1942.) | 


In Table 1 no allowance is made for the water needed for 
urinary excretion. For proper kidney function, this amount should never 38 
be less than 600 ml/day. The water contained in the food and that produced a 
by its oxidation will usually be sufficient to yield this amount; consequently, 
the water required for adequate urine formation need not be considered in the 
calculations unless the individual is not eating normally. Dry rations, 
such as K, will require extra. water. 


Vater requirements in relation to desert climate. 


Not ali desert regions are hot, and for many months of the year 
the problem of keeping warm is the difficult one. Thus, at Wadi Digla, 


%* A degree-hour is the product of the time in hours and the difference 
between air and skin temperatures, 
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near Cairo in the North African desert, the average daily maximum 
temperature for December is 68°F; for March 69°F, and during August 

it rarely exceeds 97° (3.). In the southern and western parts of the 
Libyan desert somewhat higher temperatures are reached, At Wadi- 
Halfa, in Anglo-Egyptian Sudan, for example, the average maximum daily 
temperature is 104°F during August, but, even here, it exceeds 95°F 
for only 7 months of the year (4.). 


The significance of this is that the high water requirements 
necessitated by extreme temperatures as given in Table 1, must be pro- 
vided only for certain months of the year, and furthermore, that many 
desert regions have comparatively mild climates which, at no time, im- 
pose abnormally high water requirements. Estimates of water requirements 
for drinking purposes can be made only on the basis of knowledge of the 
air temperatures to be encountered in a given theater. 


C. EXPERIMENTAL RESULTS 


1. WATER REQUIREMENTS. 


a Rate of Sweating. It is possible to compute the heat gain 
from all sources by measurement of the water loss, provided evaporation ae 
is complete, as was the case in these experiments, This was done by Ree 
weighing the men hourly while resting and before and after a standard walk pare 
(2.5 mph with 20-pound pack) of one hour. The resulting data are shown 
in Fig. 4. The hourly water loss while resting was found to be about 
1/2 liter which is equivalent to 290 calories, Since the metabolic rate 
at rest amounts to 100 cal./hr., the difference of 190 cal/hr. represents 
the heat gain by convection and radiation which was experienced at the. 
environmental temperature of 120°F. When walking, the average water loss 
for the group was 1 L/hr. Accordingly, the amount of heat contributed by 
the extra metabolism of work was 290 cal. (0.5 x 580) since the gain from 
radiation and convection remained essentially unchanged in the resting and 
walking tests. The range of weight losses shown in Figure 4 is a demonstra- 
tion of the physiological variations which occurred among the subjects. 


_Rates of sweating during work for both acclimatized and un- 
acclimatized men may be compared in Fig. 4. Both groups lost, on the ~ 
average, 1 liter per hour. It may be concluded, therefore, that the process 
of acclimatization is not accompanied by change in water requirement. 


b. Water Restriction. The rate of sweating demanded by a given 
thermal condition is maintained, in spite of even severe restriction in 
water intake. Thus, in the present tests, when restricted to 4 liters 
intake per day, men continue to sweat at a rate equal to that which was 
maintained when water intake was adequate. The dehydration resulting 

e 
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from continued sweating with water intake inadequate to make up for 
the loss leads to deterioration which is already evident with a water 
deficit of 3-4% of body weight. 


Four men who were restricted to a daily water intake of 
4 liters per day attempted to carry out the standard hot room program of 
five 2-1/2 mile walks, Only three succeeded in completing the five 
periods and these did so with considerable difficulty and discomfort. 
Some of the effects of the dehydration on performance are shown in Fig. » 
5 for the three men who completed the five work periods. Restriction 
of water intake resulted in higher final rectal temperatures, more 
rapid heart rate, lower blood pressure (in the erect position), and 
narrower pulse pressure than when adequate water was supplied. The 
appearance of the men with inadequate water intake revealed even more 
striking changes. Work was performed with effort and apathy. The 
eyes became glassy, and the subjects walked in an uncoordinated stumbling 
manner, They were incapable of sustained purposeful dction. 


Gradual reduction of the daily water intake over a period 
of 3 or & days to a level of 4 liters per day was tolerated better than 
was abrupt restriction. Nevertheless, the final condition of the men was 
the same whether the restriction was gradual or abrupt. 


ce Increased Water Intake. Thirst is an inadequate index of 
fluid requirement for men working in the heat. During these tests, no 
man voluntarily drank enough water while working to replace that lost in 
the sweat'and all developed water deficits with consequent deterioration 
of performance. In comparison, when the water intake during work was 
increased so as to equal the water lost in the sweat, considerable im- 
provement in performance was noted on the first exposure to heat, as 
demonstrated in the following experiment, °- 


Twelve men were asked to work the full five periods on their 
first day in the hot room. Of these men, nine received water in amounts 
sufficient only to quench the thirst (600 ml/hr.) while the other three 
drank enough to offset that lost by sweating (1200 ml/hr.). 


‘The comparative effects of the 600 ml per hour (6 liters per 
day) and 1200 ml per hour (9 liters per day) regimens imposed on the two 
groups of men are compared in Fig. 6, the average data for each group 
being presented. Observations were obtained at the close of each of the 
five work periods for the last day in the cool environment, and the first 
day in the hot environment. Men who did not complete five full periods 
have been excluded. 


The three men who received 1200 ml of water per hour finished 
all five work periods without great difficulty. Of the other nine men, 
four became exhausted after three or four work periods and could not con- 
tinue; those who finished were in a poorer ccondition and showed greater - 
physiologic disturbances than the men with forced water intake. 


Bele eae 


eee 


F > A Ae le pa, See oa Ne CE eee Pre ee 
eal een fr eae ee ee eee ee ae ee ee ae TY eee Pee Sf 


=i el pit 
ah Bt 


2. SALT REQUIREVENTS. 


Sweat contains considerable amounts of sodium chloride and 
other salts. During prolonged sweating, therefore, the salt intake 
must be increased if depletion of the body salt is to be avoided. At ee 
high rates of sweating crdinary diets usually contain insufficient salt y 
to prevent drain on the body's reserve. The sweating rate and water a 
consumption rise more or less in parallel; consequently, water intake ee 
constitutes a reliable index of the need for extra salt. 


In the absence of sweating, the great bulk of ingested salt is 
lost in the urine. As sweating increases, however, more and more salt 
is excreted through the skin, .and, consequently if there is no change 
in the amount of salt ingested, the urinary excretion is greatly reduced. 
This is shown in Fig. 7. The averaged daily values of salt excreted in 
the urine for several men in the group studied are shown for the pre- 
liminary period of exposure and work in a cool environment and subsequently 
for the period in hot environment. Upon entering the heat, there was a 
sharp decline in urinary salt excretion, followed by a gradual increase 
which, after eleven days, had not returned to the original level. 


It has been established that the acclimatized man excretes sweat 
with a lower salt concentration than does the unacclimatized man. This 
is consistent with our findings and explains, in part, the gradual in- 
crease in urinary salt excretion during continued exposure to the heat 
(Fig. 7)~ Some of the decrease in chloride excretion in the early days 
in the hot environment, however, may have resulted from reduced food (and 
salt) intake accompanying the loss of appetite which frequently occurs 
during initial exposure to heat. 


Throughout these studies, the men drank a 0.1% solution of salt 
while in the hot room. The extra salt taken in this manner averaged 5-1/2 
ems/per day. If it is assumed that salt intake was constant throughout 
the period of study, one can estimate the amount of salt lost in the sweat. 
The daily excretion of chloride during the latter days in the heat was 
approximately 6 grams less than it was while the men were in the cool 
environment. The estimated excretion of salt in the sweat amounts, there- 
fore, to 11-1/2 grams per day (6 grams plus 5-1/2 grams ingested with 
water). It is apparent that serious salt depletion would have occurred 
‘in these men during the first few days of exposure to high temperatures 
if extra salt had not been taken with the drinking water, since the urinary 
output was only 2-1/2 grams on the second day in the heat, in spite of the 
increased intake. 
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The effect of activity on loss of salt in sweat and resulting 
salt need is indicated by the crossing of the chloride excretion curves 
for groups 1 and 2 in Figure 7. Group 1, during their working period in 
the hot room excreted less chloride in the-urine, indicating a greater 
loss in the sweat, than Group 2, who were resting at that time. ihen 
their activities were reversed, Group 1 resting and Group 2 working, the 
urine chloride excretion of the workers was again less than that of the 
resting group. 
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CALCULATED DAILY WATER REQUIREMENTS WITH VARYING AMOUNTS 
OF WORK AND DIFFERENT AIR TEMPSRATURES* — 


Total Water Equivalent of Metabolic Heat 
Plus Convection Gain | fie 
Liters ** 


Water 
Kquivalent Noderate 
of Work ° 
Convection 


See 


“# Solar radiation not ine ludéd. For 6 hrs. sxpomey to is add 1, 9 liters ae 

4 0.95 liters = 1 quart — . . 

“2 liter = 1.06 quarts — | eps ie 
1 1 milliliter i « .0Ol liters =i 


ees 4 te 


sre couaecrpow gay 
Lopey pees, gonzarteus oF POeweyy 


2 Fic. | 


SOURCES OF HEAT GAIN AND MEANS OF HEAT LOSS | 
FOR AN AVERAGE MAN AT VARIOUS TEMPERATURES # 


ENVIRONMENT AND SKIN AT SAME 
+700 TEMPERATURE , NO HEAT TRANSFER 
+600 1000 
ke 
+ 500 a 
+400 ps 
Li 
+300 < 
500 @ 
0 
+ 200 0 
co 
a O 
cs + 100 Nee 
Tp) Oo 
ep) e) — BG 
O 2 : Y rs) 
x em 
oc —100 
i? © i 3 
— Y +400 + oe 
ead OQ 
eS i 
> x 500 & 2 
— ee o = 
2 oO 
og ee 
<x 
iz > 
<i me 
‘er O 
= m o 
@) Li 
F- 
Cp) 
a) 
- 
q 
El 
ke 
ES 
LJ 
q 
= 
LL 
Oo 
al 
= 


85 90 ote Kote) iO5 I10 115 
ENVIRONMENTAL TEMPERATURE °F 


Nt: ots Na, Fe 


ee Me a 
Ne Vin 


N i 
iat Y 

‘ 

3 


4 - e A f 
. Daye ay ee ch Ue anshnalnggioay a ae ee RN 3 1 BI 
‘ } meg ! esi. 
te Shee et ty oft Fake 
Tse Ce oe t pie 


F 


BG 
Tok 
poe % 
a 


Pa ae ee ae 


Fa 


oe ecard 


> 


TEMPERATURE 


WEIGHT LOSS 


ar 
= 
= 
a 
= 
© 
= 
q 
LJ 
= 
o 
Ww 
O 
Ee 
<q 
ac 


FIG, 3 


TYPICAL DIURNAL TEMPERATURE CURVE FOR A DESERT CLIMATE 
SHOWING PERIODS OF POSSIBLE ENVIRONMENTAL HEAT GAIN AND LOSS 
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RATE OF SWEATING OF RESTING AND WORKING MEN 
(AIR TEMP |20°F, RELATIVE HUMIDITY 20%) 
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EFFECT OF WATER RESTRICTION ON HEART RATE 
RECTAL TEMPERATURE AND BLOOD PRESSURE 


-ACCLIMATIZED MEN, RESULTS AT THE END OF THE FIFTH WORK PERIOD 
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PERFORMANCE OF UNACCLIMATIZED MEN WITH MINIMUM WATER INTAKE 
AND WITH OPTIMUM WATER INTAKE 


(I) 600 ML /HR WHILE WORKING [_] 1200 ML./HR. WHILE WORKING 
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